This paper focuses on the separation of the smoothing effect of a signal caused by a finite-size transducer and that by an emission source of finite bandwidth.
INTRODUCTION
The smoothing of the received waveform, causing by the finite receiving area of a transducer, is known as the aperture effect.
In general, a wave produced by a point source and detected by a point receiver is desired, because most theoretical calculations predict waves at a point such that a direct comparison between theoretical calculations and experimental results can be made. Most of the ultrasonic transducers have finite receiving areas.
For a point receiver little energy can pass through it and no significant response can be detected.
So it is very important to understand the aperture effect of a finite-size transducer on the measured waveform and know when a receiver can be approximated as a point receiver.
Even when it can not be treated as a point receiver, one would like to remove or deconvolve the aperture effect through a proper processing scheme.
FORWARD FORMULATION
The vertical displacement excited by a point source and detected at the epicenter can be written as:
where p 2 is the spatial sensitivity function (which is a function of position inside the active region of the transducer) and s(t) is the source time function. Because the receiver is circularly symmetric with respect to an epicenter point source, it can be further reduced to a line receiver.
This line receiver in general will not have a uniform sensitivity across its radius and it is this variation which is sought.
The line receiver can be further discretized into several concentrated point receivers with appropriate weighting constants.
In order to see the smoothing effect which may result to the signals detected by this degenerated line receiver more clearly, the spatial sampling intervals are not equally spaced.
The P-wave travel time from the source to each discrete receiver is consecutively delayed by one unit of the sampling time. The position of each point receiver from the epicenter can be calculated according to the following equation.
Here, ~t is the sampling time, H is the plate thickness, and Cp is the P-wave speed in the elastic plate. The weighting functions of the line receiver after discretization are:
where A. is the area of each discretized ring and pi is the average sensiti~ity over the ring.
The vertical displacement signal after discretizing both in time and space can be written in the matrix form as follows:
in which S(T) is the discretized source-time function for the point source and W(X) is the discretized weighting function.
In the following, a capital index refers to a discretized variable.
The subscript of G is the index of position and the index inside the parentheses indicates the discrete time.
From this equation one can see that if the Green's functions are the same but only shifted in time, the multiplication between the G matrix and the spatial weighting function becomes a convolution operation. For a linear system, the operation of a shift and a sum corresponds to a convolution.
The weighting function W(X) is now equivalent to a time function W(T). We note that W(X) is spatially not equi-spaced, though W(T) is equi-spaced in time. The equivalent spectrum of the transducer aperture is the Fourier transform of W(T). This function depends on the source-receiver arrangement.
The case treated here is for a source above the center of the transducer.
For off-center transducer-source arrangements, W(T) will be different, but the approach adopted here will still be valid.
RECOVERY OF SOURCE TIHE FUNCTION
From Eq. 4 one can see that, if the aperture is not too big, only a few Green's functions are needed in the equation. We can further assume that all the Green's functions involved are position independent, they only shift in time. After deconvolution, the recovered time dependence is the convolution result of W(T)*S(T). For a known aperture, S(T) can be obtained by deconvolving the function W(T). For large aperture transducers, many Green's functions must be included in Eq. 4. If both W(T) and S(T) are unknown, an iterative deconvolution algorithm is used to obtain the unknowns [1, 2] . EXPERH1ENTAL RESULTS Figure 1 is the experimental signal generated by breaking a glass capillary (0.05 mm ID and 0.08 mm OD) on top of a 1/4" thick glass plate and detected by a 1/4" diameter capacitive transducer. Previous work has shown that a capacitive transducer can respond as a displacement sensor [3] and it is useful for the quantitative characterization of AE sources [4, 5, 6] . To the authors' knowledge, in none of the published work has removal of the aperture effect been considered. That is, the previous experimental deconvolution results reported have implicitly assumed that the signals were generated by a point source and detected by a point receiver.
The deconvolution result for W(X) was obtained with an iterative method. The results are shown in Table I . The value of W(X) drops Table I Distance to Origin Recovered W. source time function are not known, an iterative deconvolution algorithm must be used to recover the unknowns.
